Objective: To compare the efficacy and side effects of a cyclosporine microemulsion and tacrolimus in immunosuppressive therapy of renal transplantation.
Introduction
Among factors determining the success rates in renal transplantation ABO blood group compatibility, HLA histocompatibility, pretransplant blood transfusions, panel reactive antibody titer, live or cadaver donor, underlying primary disease, surgical technique, and immunosuppressive drug choice can be enumerated. [1] Even though immunosuppressive treatments are successful in decreasing side effects developing in the long-term, they jeopardize patient, and graft survival. Even though various drugs are used, in standard schemas one of the two similar calcineurin inhibitors as cyclosporine A (CsA) or tacrolimus (Tc) is used as the basic immunosuppressive agent.
In our study, the efficacy, safety, and reliability of fundamental drugs, CsA, and Tc were analyzed in two separate treatment protocols used in renal transplantations realized in transplantation units.
Material and methods
This study included patients who had undergone renal transplantations in transplantation unit in Urology Clinics of Turkey High Specialization Training and Research Hospital Hospital and received baciliximab, CsA (microemulsion form), MMF (mycophenolate mofetil) and prednisolone or basiliximab, Tc, MMF, and prednisolone as initial immunosuppressive treatment. Outcomes of 18 months of follow-up of all patients were evaluated. Transplant recipients were controlled in the outpatient clinic weekly for the first, then every 15 days for the second month, and monthly thereafter. During the same period, transplant patients who didn't want to comply with randomization protocol, those who lost to follow up after the first month or previously experienced toxic reactions while using CsA or Tc, and patients with graft failure for any reason were excluded from the study. A total of 46 patients had undergone renal transplantation, and 41 of them were included in the study.
Immunosuppressive protocols of the recipients were planned as follows:
CsA protocol: Basiliximab (on the day of the operation, and on the postoperative 4. days 20 mg IV infusion), MMF (2000 mg/d bid oral), CsA (4-6 mg/kg/d 2 bid oral). Prednol (500 mg on the day of the operation, and on the postoperative 1., and 2. days 250 mg, and 100 mg, respectively. Then the dose was tapered, and reduced to 10 mg from 12. days on.
Tc protocol: Basiliximab (on the day of the operation, and on postoperative 4. days 20 mg İV infusion), MMF (2000 mg/d bid oral), Tc (0.06-0.08 mg/kg/d bid oral). Prednisolone (500 mg on the day of the operation, and on the postoperative 1., and 2. days 250 mg, and 100 mg, respectively. Then the dose was tapered, and reduced to 10 mg from 12. days on.
For the measurement of CsA levels, blood samples were obtained 2 hours after the morning dose, and Tc levels were measured before the morning dose. Blood drug levels were measured in the immunology laboratories using FPIA (Axsym-Abbott)method for CsA, and MPEI (IMX-Abbott) for Tc measurements. Chart demonstrating whole blood levels of drugs is seen iN Table 1 .
Our protocol for prophylaxis of infection used for all recipients was as follows: Patients with PPD (+) received daily doses of 300 mg INH for 3 months. Cephazoline was used at a dose of 1 g bid IV for the first 3 days for three months. Trimethoprim + sulfamethoxazole was used at daily oral doses of 160 mg for the first 6 months, and acyclovir 3200 mg/d oral for the first 4 months. The transplant recipients were followed up for 18 months, and used two different calcineurin inhibitors.
Demographic characteristics (age, and gender of the recipient, type of donor, dialysis therapy, and its duration, hospital stay), immunological features (ABO groups of donors, and recipients, HLA types, crossmatches, and PSA titers), acute rejection, cardiovascular, and metabolic side effects (hypertension, hyperlipidemia, diabetes mellitus), graft functions (monitored by serum creatinine values), infection, hirsutismus, and gingival hyperplasia, cosmetic adverse effects, nephrotoxicity, hepatotoxicicty, drug change, and survival rates were evaluated. 
Statistical analysis

Results
Demographic data of the cases are shown in Table 2 .
Hospital stays were detected to be statistically significantly longer in the CsA group when compared with the Tc group.
Immunological features:
Renal transplantations were most frequently performed with 3 HLA mismatches in the Tc, and 2 HLA mismatches in the CsA groups. HLA incompatible grafts were also transplanted to the patients from their spouses in the CsA (n=1), and Tc (n=2) Tc groups. Only one patient in the Tc group developed acute rejection during the early postoperative period. Following the first episode, the patient is still being monitored with normal graft functions.
Acute rejection: Acute rejection was also seen in the Tc (n=5; 23.8%), and CsA (n=4; 20.0%) (p=1.000) groups. In the Tc, and Ekmekçioğlu et al.
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CsA groups biopsy-proven acute rejection episodes were resistant to prednisolone in 40, and 75% of the cases, respectively (p=0.764). Median time intervals from the time of transplantation to the onset of the first acute rejection episode were 51, and 87 days for the Tc, and CsA groups respectively (p=0.730).
Cardiovascular, and metabolic side effects:
Comparisons of pre-, and postoperative systolic blood pressures, and change in lipid profiles in both groups are seen in Table 3 , and 4, respectively.
In both groups, in only one case diabetes mellitus developed which required insulin treatment (p=1).
Graft function:
Median values of serum creatinine detected at, and following discharge from the hospital which we used for monitoring graft function are seen in Figure 1 (p>0.05).
Cosmetic side effects:
In the CsA group, as the most frequently encountered cosmetic adverse effects ie. hirsutismus, and gingival hyperplasia which led to modification of the drug therapy were seen in 10.0 (p:0.232), and 15.0% (p:0.107) of the cases in the CsA group, while it wasn't observed at all in the Tc group.
Infection: Infections requiring hospitalization developed in 25, and 30.0% of the patients in the Tc, and CsA groups, respectively without any statistically significant intergroup difference (p:0.130). One patient with CMV infection in the CsA group presented with gastrointestinal symptoms which led to decrease in graft functions during the period without the coverage of any prophylactic antiviral regimen. Hospitalized, and isolated patients responded to the treatment, and they were discharged with normal serum creatinine values.
Hepatotoxicity, Nephrotoxicity: During the follow-up period excluding one patient in the CsA group, any case suggestive of nephrotoxicity was not encountered. A statistically significant difference was not found between two drug groups as for hepatotoxicity (p:0.232).
Drug change:
In the CsA group, drug therapy was changed in a total of 8 (40%) cases because of hirsutismus (n=2), gingival hyperplasia (n=3), hepatotoxicity (n=2), and nephrotoxicity (n=1). However in the Tc group drug therapy of one patient was changed because of the development of hepatotoxicity (p:0.001).
Survival:
None of the patients died in both groups. Overall patient survival rate was determined as 100 percent. Only in one patient in the CsA group (intragroup 5.0%; overall 2.43%) acute rejection refractory to prednisolone developed which did not respond to ATG (anti-thymocyte globulin) therapy. This patient was included in the hemodialysis program at the end of 2 months of follow-up, and accepted as a graft failure (p:0.488). Graft survival rates were 95.0% in the CsA, and 97.57% in the study group, respectively.
Discussion
Thanks to significant improvements in the field of renal transplantation, and innovations in the immunosuppressive therapy, important improvements have been realized in the graft survival rates. Immunosuppressive treatment with cyclosporine A decreased acute rejection rates markedly with a resultant rise in the improvement in 1-year graft survival rates from 55-60% to more than 80 percent. [2, 3] Later on, another calcineurin inhibitor tacrolimus was approved by FDA with the emphasis on more tolerable side effect profile. [4] Because of significant impact of gastrointestinal system on CsA pharmacokinetics, microemulsion form of CsA has been developed, and this innovative form has increased efficacy, and safety of cyclosporine. [5, 6] Even though a statistically significant (p:0.017) difference was observed between Tc, and CsA groups as for demographic data, in correlation analyses any impact of this difference on graft survival has not been detected. This level of significance (p:0.004) could not be associated with graft functions in the long-run, while essentially the impact of surgical complications created such a level of difference.
An intergroup difference influential on graft survival was not observed when HLA compatibilites were compared. Intensive doses of immunosuppressive treatment regimen including basiliximab applied on all recipients of cadaver or live donor grafts as induction therapy, considerably block the development of acute rejection due to potent immune suppression in the early postoperative period. [7, 8] This approach contributes specially to favourable early-term results even in cases of complete HLA incompatibility in recipients of live donor renal grafts.
Acute rejection attacks were seen in 5 patients in the Tc group, and with treatment any graft failure did not develop. However in the CsA group, acute rejection attacks developed in the CsA group, and one patient with a graft loss was included in the hemodialysis group. In a multicentered study, cadaver kidney recipients in both groups were compared, and acute rejection attacks were reported as 46.4, and 30.7%, in the CsA, and Tc groups, respectively. [9] In a series of 560 patients included in The European Tacrolimus vs. Cyclosporine Microemulsion in Renal Transplantation Study, biopsy-proven acute rejection rates in the first 6 months were 37.3, and 19.6% in the CsA, and Tc groups, respectively. In the same study, prednisolone-resistant rejection was seen less frequently in the Tc group (9.4 vs. 21%). [10] Similarly, in a meta-analysis evaluating comparative studies performed between Tc, and both formulations of cyclosporines, it was indicated that treatment of 100 patients with cyclosporine instead of tacrolimus, prevented 12 acute rejection episodes in the first year. [11] Contrary to studies which found similar rates of hypertension between Tc, and cyclosporins, with lower number of additional antihypertensive drugs in the Tc group, in our study, any significant intergroup difference was not found as for the number of antihypertensive drugs. [12] The results of two separate multicentered studies conducted in Europe, and the USA, Tc was demonstrated to be more advantageous than CsA with lesser number of hypertensive complications, and some publications asserted that these two calcineurin inhibitors were not different as for risk of HT development. [4, 10, 13, 14] In our study a significant difference could not be demonstrated between these two drugs.
In a study where results of 10 years of CsA use were reported, hyperlipidemia was not considered as an infrequently seen complication. [15] In a European comparator study, hypercholesterolemia was found to be significantly lower in the Tc group, in the long-term any intergroup difference was not found with respect to complication rates requiring antihyperlipidemic treatment. [10, 13] In our study cholesterol, and triglyceride levels, and incidence of starting on an antihyperlipidemic drug therapy were found to be significantly higher in the CsA group when compared with the Tc group. Even though in the CsA group, higher posttransplant drug levels were observed, in both groups [16] In a study, increased cumulative incidence of diabetes mellitus was found with time, and as risk factors black race, obesity, and tacrolimus use were indicated. [17] On the other hand, in a study where non-diabetic CsA users were investigated, incidence of diabetes mellitus in the first year reportedly rised to 30% by the tenth year. [18] In line with this information both calcineurin inhibitors can be held responsible for the increased rate of diabetes mellitus. In previous publications, some data implicating that Tc induces diabetes mellitus at a relatively higher frequency, recent articles have reported similar rates for both drug groups. [4, 13, [19] [20] [21] In our study groups, increases in pre-, and postoperative blood glucose levels have not been detected. However scarce number of our cases, and shorter follow-up periods constitute limitations of our study.
Most of the comparator studies encountered in the literature based on serum creatinine levels in order to determine graft function, have indicated lack of any significant difference between these two calcineurin inhibitors, while Krämer et al. [14] at the end of their comparative analysis of both drugs, detected serum creatinine levels in the Tc, and CsA groups as 1.36 mg/dL, and 1.61 mg/dL, respectively. In our study, serum creatinine values in the Tc group were maintained at a relatively lower level from the start, while intergroup difference was not found to be statistically significant. [4, 10, 12] In our study, the incidence of infection has been in compliance with the results of comparator studies. Recently, infection is losing its place among causes of death thanks to prophylactic, and therapeutic antibiotherapy regimens. [22, 23] Cosmetic side effects were encountered in the CsA group in a higher frequency which caused drug change. Even though hirsutismus, and gingival hyperplasia are not life-threatening, they can lead to psychological problems especially in female recipients. [24] Organ toxicities those predominantly involving kidneys are restrictive factors for use of therapeutic doses of calcineurin inhibitors. [25] Renal toxicity of CsA is a well-known, and histopathologically defined adverse effect of the drug. [26] Tc with a similar histological profile has been introduced into market with a claim of a better side effect profile. [27] In our study, nephrotoxic effect detected in one patient led to exclusion of calcineurin inhibitors from the immunosuppressive protocol of this patient.
In this study, hepatotoxicity developed in both groups which was resolved with drug change without any statistically significant intergroup difference. As a main approach resorted to in the development of hepatotoxicity is either making a decrease in the drug dosage or switching to another drug. [28] Change of drug therapy is a frequently applied method with the intention of individualization of the therapy. In comparative studies, the rationale of switching to another drug is frequently encountered episode(s) of rejection refractory to therapy. However, generally side effects of Tc requires crossing over to CsA therapy. [9, 22] In patients converted from CsA to Tc therapy, a significant drop in serum creatinine levels was observed, and these levels were maintained during a 5-year surveillance period. [29] Even though drug change detected in our study was statistically significant, essentially these nonvital cosmetic causes lead the way. Relatively younger mean age of this patient group increased rates of drug change.
In short-, and long-term studies, Tc appears to be more advantageous than CsA, however, superiority of Tc over CsA has not been proved as for graft, and patient survival. [4, 10, 13, 30] Overall, and graft survival rates of the patient group included in the study were detected as 100, and 97.5%, respectively.
Immunosuppressive regimen to be selected following renal transplantation should favourably effect both graft survival, and morbidity, and mortality of the patient. In our study both drugs of the calcineurin group were evaluated as for their impact on acute rejection, graft function, and their adverse effects as infectious episodes, hypertension, diabetes, hyperlipidemia, and cosmetic side effects. For cosmetic side effects, and hyperlipidemia, tacrolimus was found to be more favorable relative to cyclosporine A. When, risk of cardiovascular disease induced by hyperlipidemia was taken into consideration, tacrolimus appears to be more preferable. Nevertheless, each patient who will receive a renal transplant should be evaluated individually, monitored closely to detect the effects of immunosuppressive therapy, and its adverse effects in order to perform necessary interventions.
